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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I . statement 

Novelty (N) Claims 3. 5. 6-12. 14-15. 17-23 YES 

Claims 1-2. 4. 13. 16 NO 

Inventive Step (IS) Claims 6. 10. 15. 17-23 YES 

Claims 1-5. 7-9. 1 M4. 16 NO 



Industrial Applicability (IA) Claims }zl2 YES 

Claims NONE no 



citations and explanations (Rule 70.7) 

Claims 1-2. 4. 13. 16 lack novelty under PCT Article 33(2) as being anticipated by Hitachi el al (5.380.501). 
Hitachi et al disclose an exhaust treatment device comprising: 

an inner housing 21 containing a thermally-activated exhaust treatment device I therein; 

an outer housing 22 enclosing the inner housing 2 1 but not contacting the inner housing 2 1 : the inner and outer housings 
21. 22 including walls forming a sealed cavity around the inner housing: the cavity having a vacuum drawn therein (col. 4. lines 
67-68; col. 5. lines 1-2); and 

a support including a plurality of spokes 26 that extend radially between the inner and outer housings 21. 22. 

Instant claims 1-2, 4, 13, 16 structurally read on the apparatus of Hitachi et al. 

Claims 3, 7. 8, 14 lack an inventive step under PCT Article 33(3) as being obvious over Hitachi et al (5.380.501) or Cyron et 
al (4.795,615). 

With respect to the specific material of the spokes, it would have been obvious to one having ordinary skill in the 
art at the time the invention was made to select an appropriate material for the spokes to achieve the desired benefit attendant 
therewith 'md since it has been held to be within the general skill of a worker in the art to select a known material on the 
basis of its suitability for the intended use as a matter of obvious design choice. 

With respect to (he specific dimension or shape of the spokes, it would have been obvious to one having ordinary 
skill in the art at the time the invention was made to select an appropriate dimension or shape for the spokes to achieve the 
desired benefit attendant therewith on the basis of its suitability for the intended use as a matter of obvious design choice and 
since it has been held that where the general conditions of a claim arc disclosed in the prior art. discovering the optimum or 
workable ranges or shapes involves only routine skill in the art. 

(Continued on Supplemental Sheet.) 
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The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fulK 
supported by the description, are made: 

Claims 18-22 arc objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because the claims are indefinite 
for the following reason(s): 

In claim 18. line I "the feet" has no clear antecedent basis: in line 2 it is unclear as to what "composite" is implied and 
where it is disclosed in the instant disclosure. See claims 19-22 likewise. 
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I. BASIS OF REPORT: 




This report has been drawn on the basis of the description, 
page(s) 1-3. 5-6. 8. 16-18. 20. 22. 24. as originally filed. 
page(s) NONE, filed with the demand, 
and additional amendments: 

Pages 4. 7. 9-15. 19. 21. 23. filed with the letter of 12 January 2001. 




This report has been drawn on the basis of the claims, 

page(s) NONE, as originally filed. 

page(s) NONE, as amended under Article 19. 

page(s) NONE, filed with the demand. 

and additional amendments: 

Pages 25-28. filed with the letter of 12 January 2001. 




This report has been drawn on the basis of the drawings. 
page(s) NONE, as originally filed. 
page(s) NONE, filed with the demand, 
and additional amendments: 

Pages 1-18, filed with the letter of 12 January 2001. 





This report has been drawn on the basis of the sequence listing pan of the description: 

page(s) NONE, as originally filed. 

pages(s) NONE, filed with the demand. 

and additional amendments: 

NONE 



V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

Claims 11-12 lack an inventive step under PCT Article 33(3) as being obvious over Hitachi et a) (5.380.501) in view of Cyron 
ei al (4.795.615). 

Cyron et al disclose provision of a support for supporting the inner housing 1 in the outer housing, the support 
including a radially extending body 4b and including a foot 7 that slidable engages at least one of the inner and outer housings 
1.2. 

It would have been obvious to one having ordinary skill in the art to construct the spokes of Hitachi et al so as they 
would slidable engage at least one of the inner and outer housings to reduce the thermal stress as taught by Cyron et al. 

Claims 1-2. 4. 5. 9. 12-13 lack an inventive step under PCT Article 33(3) as being obvious over Cyron et al (4,795.615) in 
view ot Hitachi et al (5.380.501). 

With respect to claim 11. Cyron et al disclose an exhaust treatment device comprising: 

an inner housing I containing a thermally-activated exhaust treatment device therein; 

an outer housing 2 enclosing the inner housing 1 but not contacting the inner housing I; the inner and outer housings 
1. 2 including walls forming a sealed cavity around the inner; and 

a support tor supporting the inner housing 1 in the outer housing, the support including a radially extending body 4b 
and including a foot 7 that slidabty engages at leasi one of the inner and outer housings 1. 2; the foot including an insulative 
material, i.e. wire mesh 10. 

The apparatus ot Cyron et al is substantially the same as that instantly claimed, but fails to disclose whether the cavity 
may have a vacuum drawn therein. 

However. Hitachi et al disclose provision of a cavity having a vacuum drawn therein. 

It would have been obvious to one having ordinary skill in the an to draw a vacuum in the cavity ot Cyron et al to 
improve the hea: insulating effect for the casings as taught by Hitachi et al. 

With respect to claims 1-2. 4. 5. 9. 12-13. Cyron et al further disclose that the support may include a plurality of 
spoke>. i.e. wire meshes 10 that extend radially between the inner and outer housings 1. 2. 

Claims 6. 10. 15. 17-23 meet the criteria set out in PCT Anicle 33(2 1-(3). because the prior an of record does not teach the 
exhaust treatment device having the specific supports as claimed. 

Claims 1-23 meet the criteria set out in PCT Anicle 33(4 1. because they are directed to an exhaust treatment device for a 
vehicle. 
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Applicant s arguments filed 12 January 2001 have been considered but they are not persuasive. 

Applicant argues thai the composite in claim 21 can be a combination or wire and ceramic or other combination. Such 
contention is not persuasive as there is no support for such contention. 

Applicant argues that Hitachi does not disclose spokes extending between the inner and outer housings. The item 26 is 
called "linear partition walls" that extend parallel to the axis of the core body. Such contention is not persuasive as the t'aci that 
the supports in Hitachi extend parallel to the axis of the core body does not change the fact that they also extend radially 
between the inner and outer housings which meet the requirement of the instant claim. 

Applicant argues that Cyron does not disclose spokes. Such contention is not persuasive as Cyron discloses that the 
support may include a plurality of spokes, i.e. wire meshes 10 that extend radially between the inner and outer housings I. 2. 
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inlet and an outlet that align with the inlet and outlet of the inner housing, the inner and 
outer housing including walls forming a sealed cavity around the inner housing, the 
cavity having a vacuum drawn therein. Supports are provided that support the inner 
bousing in the outer housing. The supports include a radially-extending body and 



5 including a foot that slidably engages at least one of the inner and outer housing. 

These and other features, advantages, and objects of the present invention will be 
further understood and appreciated by those skilled in the art by reference to the 
following specification, claims and appended drawings. 

DESCRIPTION OF HRAWTNTHS 
10 Fig. 1 discloses a side cross-sectional view of a catalytic converter including 

radially-extending spoke-like supports supporting an inner housing in a non-contacting 
position within an outer housing; 

Fig. 2 is an end view of a modified end support including radially-extending 
spokes and an outer ring with a wire mesh foot; 
15 Fig. 3 is a cross -sectional view taken along the line III-III in Fig. 2; 

Fig. 3 A is a cross-sectional view similar to Fig. 3, but also showing an outlet end 
of the modified catalytic converter of Fig. 3; 

Fig. 4 is an end view of a modified end support; 

Fig. 5 is a cross -sectional view taken along the line V-V in Fig. 4, including 
20 showing the inner and outer housing ends; 

Figs. 6-7, Figs. 8-9, Figs. 10-11, Figs. 12-13. and Figs. 14-15 are paired figures 
that are similar to Figs. 4-5, respectively, with each pair of these figures showing an end 
view and a side view of a modified end support that includes radially-extending spoke- 
like legs adapted to provide secure radial support but to permit dissimilar longitudinal 
25 thermal exp?nsion between inner and outer housings; 

Figs. 16 and 17 are side cross -sectional views of additional modified catalytic 
converters, Fig. 17 showing more undulations in its bellows versus Fig. 16 and also 
having a different placement of its radiation shield; 

Fig. 18 is a fragmentary enlarged cross-sectional view of the modified catalytic 
30 converter shown in Fig. 17; 

Fig. 19 is an end view of another modified support; 
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Figs. 69 and 70 are cross-sectional views of the support ring in Fig. 68 taken 
along a plane that extends perpendicular to the longitudinal direction of the catalytic 
converter; 

Fig. 71 is a side cross-sectional view of a modified catalytic converter having a 
modified spoke support system that facilitates manufacture; 

Fig. 72 is an enlarged fragmentary view of a modified end construction similar to 
the end construction of the converter shown in Fig. 71; 

Fig. 73 is an exploded view of Fig. 72; and 

Fig. 74 is a schematic view of a particulate trap incorporating aspects of the 
present invention. 



The illustrated catalytic converter 20 (Fig. 1) is a vacuum-insulated converter 
having a core or inner housing 21 positioned within and insulated from a jacket or outer 
housing 22. Expansion joints 23 and 24 are provided at each end of the inner housing 
21, and supports 25 and 25* are provided to support the inner housing 21 within the 
outer housing 22 while maintaining a vacuum-insulating cavity 26 forming a relatively 
constant gap around the inner housing 21 . A sufficient vacuum is drawn on the cavity 
26 so as to eliminate heat loss from air conduction and convection. The supports 25 and 
25' within the converter design are particularly configured to accommodate longitudinal 
thermal expansion of the hot inner housing 21 relative to the cool outer housing 22. The 
internal supports 25 and 25' bridge the vacuum insulation and are sufficiently stiff to 
accommodate dynamic (vibration and impact) loads at temperature, yet are flexible 
enough to accommodate unequal thermal expansion of the inner and outer housings 21 
and 22, and further are of minimal cross section size and minimal conductance to 
minimize heat loss. 

More specifically, the inner housing 21 is preferably fabricated of metal or other 
material that is impermeable to gases, and is adapted to contain one or more catalyst 
substrates 27 and 27*. Exhaust gases from an internal combustion engine flow through 
the catalytic convener 20, as indicated by the arrows 28, including through the 
numerous small, catalyst-coated pores or channels that are formed in the catalytic 
substrates 27 and 27'. The inner housing 21 is enclosed within the outer housing 22, 
and its sidcwall 30 is spaced radially inwardly from the sidewaJI 31 of the outer housing 
with the supports 25 and 25' supporting it to maintain a relatively constant gap. The 
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outer outlet end cone 44 to the inner outlet end cone 43 at a plurality of circumferentially 
spaced positions. The supports 25' include spokes 50, a hub flange 51 and a rim flange 
52 that abut and are welded to the inboard and outboard inlet end cones 43 and 44. The 
illustrated reinforcement tube 49* and outlet tube section 46 are fixed together, and 
defines a space 49" therebetween filled with getter and/or hydride material. The 
hydride material captures hydrogen from the insulating cavity 26 when the catalytic 
converter 20 is at low temperature to increase the insulation effect of the vacuum at low 
temperature (which helps the catalytic converter reach the operating temperature more 
quickly) and releases hydrogen to increase conductivity when the catalytic converter 20 
is at a high temperature (to prevent over-heating). The relationship between the 
insulative value and the pressure of hydrogen is known in the art, such that it doesn't 
need to be described here for an understanding of the present invention by a person 
skilled in this art. The getter material removes gases from the cavity 26, and helps 
maintain the high vacuum in the cavity 26 for a longer service life. It is noted that many 
different getter/ hydride arrangements and structures are possible, as shown in 
provisional application serial no. 60/116,829, previously incorporated herein by 
reference. 

End shields 56 and 57 are placed in the inlet and outlet outer tube sections 36 and 
46, respectively, adjacent an outer end of the bellows 38 and 48. The end shields 56 and 
57 include a plurality of holes 58 that reduce turbulence in the flow of exhaust gases 
through the catalytic converter 20, and also the end shields 56 and 57 slow convection 
heat transfer and help retain the heat within the catalytic converter 20 when the flow of 
exhaust stops. Further the end shields 56 and 57 may include catalytic material 
themselves if desired. 

A phase-change material (PCM) containing housing 60 including annular end 
walls 62 is attached to the sidewall of the inner housing 21 in the cavity 26, and forms a 
sealed separate chamber around the inner housing 22. Phase change material 61 is 
placed in the chamber of housing 60. The phase change material 61 is formulated to 
change its phase and store heat during the heat-up period of the catalytic converter, and 
further is configured to release heat during cool-down of the catalytic convener 20. The 
result is that the phase change material 61 causes the inner housing 21 and catalytic 
materials in the substrates 27 and 27* to reach their "light-off temperatures much more 
quickly. Once the catalytic materials reach the "light-off temperature (usually about 
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315 - 430 degrees C), the temperature of the catalytic convener 20 raises rapidly to its 
operating temperature from the exothermic heat of the catalytic reactions with the 
exhaust gases. 

The outer inlet end cone 34 forms an angle to a longitudinal direction, and the 
inner inlet end cone 33 forms an angle to the longitudinal direction 63, with both the 
outer and inner inlet end cones opening up as the exhaust gases flow into the catalytic 
converter 20. The spokes 40 of the illustrated supports 25 at the inlet end extend at an 
angle of about 45 degrees from the longitudinal direction 63 such that they interconnect 
the cones 33 and 34. It is noted that the spokes 50 can point inboard or outboard and be 
connected to other components, e.g. outer housing 22. The spokes 50 of the illustrated 
supports 25* at the oudet end extend at an angle of about 45 degrees from the 
longitudinal direction 63, such that they interconnect the cones 43 and 44. The spokes 
40 and 50 of the supports 25 form spokes that are cimimferentially-spaced around the 
bellows 38 and 48, and there are sufficient spokes 40 and 50 such that the inner housing 
21 is stably supported within the outer housing 22 for non-contacting concentric support. 
The appearance in end view is much like a spoked wheel. The combination of the 
spoke-like bodies 40 with the cones 33 and 34 at the inlet end, and the spoke-like bodies 
50 with the cones 43 and 44 at the outlet end, form a support structure capable of 
maintaining support on the inner housing 21 while still accommodating the different 
thermal expansion of the inner housing 21 relative to the outer housing 22 (particularly 
in a longitudinal direction). As illustrated, the spoke-like bodies or spokes 40 at the inlet 
end are longer than the spoke-like bodies 50 at the outlet end. A scope of the present 
invention is believed to include both configurations, and variations thereof. 

When the catalytic converter 20 is in a cooled state, and the exhaust gases begin 
to flow (i.e. v/hen the engine is turned on), the inner and outer housings 21 and 22 will 
gradually heat, with the inner housing 21 heating much sooner and faster. As it heats, 
the inner housing 21 will lengthen by several millimeters, such as about 4-mm, ahead of 
the outer housing 22. The outer housing 22 also heats, but at a slower rate and with a 
delayed time period and also to a lower highest temperature. This causes longitudinally- 
directed stress to occur on the supports 25 and 25*. The curvature of attachment hub 
flanges 41 and 51 to the spokes 40 and 50, respectively, and their general shape and 
angular attachment cause the spokes 40 and 50 to bend into a curvilinear/ concave shape, 
and causes them to do so simultaneously and predictably as the inner and outer housings 
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21 and 22 undergo different thermal expansions. The pressure of supports 25 and 25* 
can also cause the outlet end cones 43 and 44 to bow slightly apart from each other, 
depending on the strength of the supports 25 and 25'. By this predictable bending, the 
cavity 26 is reliably maintained around the inner housing 21 such that is does not contact 
the outer housing 22. The cross-sectional shape of the supports 25 and 25* is made 
sufficient to provide the functional strength required to hold the inner housing 21 in its 
isolated position within the outer housing 22, but the cross-sectional shape is minimized 
to reduce heat transfer along the supports 25 and 25'. The cross-sectional shape of the 
supports 25 and 25' vary greatly depending upon a weight of the inner housing 21 and 
components therein, depending upon loading (vibrational and impact) test requirements 
of the vehicle manufacturer, and depending upon test results and fine-tuning of the 
exhaust system on a given model vehicle. For example, the spokes can be made from 
1.5 mm thick by 4-mm wide stainless steel material where at least three or more 
supports 25 (and 25*) are used circumferentially around the inlet and outlets of the 
catalytic converter 20. 

It is noted at this point, that a potentially more consistent and stable support can 
be achieved by the support arrangements shown in Figs. 2-73. Nonetheless, it is noted 
that Fig. 1 shows a good and useful structure that is believed to be satisfactory in many 
applications. 

A plurality of modified catalytic converters are disclosed below. In order to 
reduce redundant discussion, each successive modification uses the same identification 
numbers as the earlier described embodiment, but with the addition of a letter, such as 
"A", tt B", M AA\ and etc. 

CONVERTER INTERNAL SUPPORT/WIRE MESH RTNG END SUPPORT DESIGN 
A wire mesh ring or foot 65 A (Figs. 2-3 A) can be used as an integral component 
of an end support 25 A* to allow the end support 25A* to move relative to the inner or 
outer housings 21 and 22. The wire mesh supports one end of the converter core or 
roughly 50% of its weight. A highly compressed wire mesh ring acts as a high rate 
spring for any loads in any radial direction. However, it allows moderate axial sliding 
of the converter due when inner housing 21 of the converter undergoes thermal 
expansion. The wire mesh is built of a premium material like stainless steel or Inconel 
that is compatible with other mating components. For example, a high nickel stainless 
steel alloy such as 30% nickel can be used. This supports and positions the converter 

-11- 



FEB-08-2081 14=19 PRICE f-ENEUELD \& Cf>f$ f^D 7 12 



core for high durability, and allows for axial and radial thermal growth. A sliding joint 
with an end support employing a wire mesh end, a jacket tube* a core outlet and an end 
support of dog bone shape spokes is set forth in Figs. 2 and 3- The illustrated wire 
mesh-sliding joint engages the outer housing 22 and is positioned against the jacket 
5 internal diameter. This results in about twice as much wire mesh mounting area than if 

it were engaged against the inner housing 21. At the jacket or outer housing 22, the 
operating temperatures are much lower and the wire mesh can be a lower grade stainless 
steel material. 

More specifically, the support 25 A' (Fig. 3A) includes an inner (hub) ring or hub 
10 flange 51 A, and outer (rim) ring or flange 52A, and a plurality of spoke-like bodies 50A 

welded to the inner and outer rings 51A and 52A. The cone 43A is "bullet "-shaped to 
facilitate manufacture and flow distribution. The outer ring 52A forms an outwardly 
facing recess in which the wire mesh foot 65A is placed. The wire mesh foot 65A forms 
a zone of low thermal conductivity, thus resisting transfer of thermal energy from the 
^ 15 inner housing 21A to the outer housing 22A. The wire mesh 65 A slidabiy engages the 

m sidewall 31A, such that the inner housing 21A is stably supported, yet allowed to grow 

longitudinally due to dissimilar thermal expansion. The illustrated spoke-like bodies 
£ 50A extend at an angle of about 70 degrees to die longitudinal direction 63A, and press 

against the wire mesh foot 65 A, with the foot 65A pressing back with a spring-like 
20 force. Notably, it is contemplated that the foot 65 A could also be made of other 

materials, such as ceramic, if desired. 

The support 25B' (Figs. 4-5) includes a body SOB similar to the body 50 of 
support 25', but the body inner flange 5 IB includes an inwardly facing ring-shaped 
recess. 66B in which a wire mesh foot 65B is positioned. The wire mesh foot 65B 
25 slidabiy engages the end of the inner, end cone 43B. The wire mesh foot 65B must be 

made of a thermally resistant stainless steel since the foot 65B engages the inner housing 
21B, but less of the wire mesh material is needed due to the smaller diameter of the 
inner housing 21B. The body 50B and the inner and outer flanges 51B and 52B are 
stamped as a single stamping, and are integrally formed as a single unit, without the 
30 need for secondary welding. Four bodies SOB are shown, although more or less could 

be designed into the support 25B\ 
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r ONVCTTPR INTERNAL SUPPORT/DOG BQ NF SPOKED FND SUPPORT 

DRSICiNS 

A scope of the present invention includes a plurality of supports 50C including 
"dog bone" shaped support bodies 50C (Figs. 6-7) connecting inner and outer ring 
5 flanges 51C and 52C placed at each end of the inner housing (21) and the converter 

core. The inner and outer flanges 51C and 52C are shaped to mateabiy engage the outlet 
(or inlet) end cones (33 and 34) of the inner and outer housings (21 and 22). The dog 
bone shaped support bodies 50C include enlarged inner and outer pad flanges 67C and 
67C with wide side-laterally-extending fingers shaped to facilitate joining to the inner 
10 and outer ring flanges SIC and 52C. The bodies 50C have a reduced width to minimize 

the cross section, which in turn minimi^g the heat conductance along the cross section. 
This arrangement entirely supports the inner housing 21C and converter core 
q components housed therein. It is contemplated that a quantity of dog bone shaped parts 

^ could be utilized at three to ten locations equally spaced radially around the support ring 

m 15 or at offset locations chosen to best resist vehicle loads. The dog bone shaped parts 

entirely support the converter core. A premium material like stainless steel such as 
fU Inconel would preferably be used for the dog bone shape because it has very high 

strength at an elevated operating temperature, and lower thermal conductivity than other 
□ nickel alloyed stainless steels. A minimum cross section would be utilized to keep heat 

20 loss to a minimum. Because the dog bone could be easily manufactured of various 

shapes, perhaps by stamping methods, an optimum shape can be designed, analyzed, 
tested and developed. A unique large shape at each end can be built that is good for 
welding or brazing, and that handles structural loads better than a small shape at each 
end. The intermediate portion of the dog bone shape can be designed so that it is larger 
25 or of better configuration only where needed to offset or handle localized high structural 

loads or other problems. This is to support and position converter core for high 
durability and minimum heat loss. It is noted that a cross section of the body 50C can 
be relatively flat, or the cross section can be made U-shaped or V-shaped for added 
stiffness. 

30 The modified support 25 D* (Figs. 8-9) has bodies 50D having a U-shaped cross 

section for increased stiffness. The U-shape extends from each body 50D onto the inner 
and outer pad flanges 67D. The enlarged pad flanges 67D and 67 D' are shaped to 
permit a weld bead 68D to be formed along edges of the pad flanges 67D and 67D' . 
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The modified support 25 E* (Figs. 10-11) is integrally formed from a single stamping, 
and has relatively flat bodies 50E that can flex in a direction parallel the longitudinal 
direction 63E of the catalytic converter 20. The modified support 25F* (Figs. 12-13) has 
bodies 50F with deeply concave cross sections that are shaped to fit into mating pockets 
5 in the inner and outer ring flanges 51F and 52F. Each of the supports 25 D\ 25E\ and 

25F' have dog bone shapes emphasizing particular functional characteristics and 
providing particular manufacturing and service durability characteristics. 

SPOICKn WHK Kf . CORE SUPPORT 
A spoked-wheel shaped support 25G* (Figs. 14-15) includes four to eight spokes 

10 or bodies 50G that extend from its inner flange 5 1G to its outer flange 52G. The spokes 

50G are oriented in the same radial plane as the inner and outer flanges 51G and 52G. 
The spokes 50G include stiffening webs 70G along their side edges, which permits a 
reduction in their cross-sectional thickness. The inner flange or hub 51G fits around the 
Met tube section 43G at the disk or end shield S7G. and doubles as a bellows weld- 

15 reinforcing ring. The outer flange 52G engages the outer housing 22G with a leaf-spring 

like manner. This method of supporting the inner housing 21G and its catalytic converter 
core accommodates relative thermal expansion between the inner and outer housings 
21G and 22G, provides excellent stability and strength for resisting dynamic loads 
(vibration), and resists the escape of heat stored in the inner housing 21G since the 

20 support is slightly outside the inner housing 21G. Also, the spokes 50G extend 

perpendicularly to the longitudinal directions 63G. such that they permit linear expansion 
along the longitudinal direction 63G. The inner and/or outer flanges 51G and 52G can 
be secured to the inner and outer housings 21G and 22G V or one of them can remain 
unattached and adapted to slip, to facilitate telescoping movement of the inner housing 

25 21G relative to the support 25G\ 

The catalytic converter 20H (Fig. 16) includes modified supports 25H and 25H\ 
where each support 25H and 25H' is a single stamping having spoke-like bodies 50H, an 
integral inner flange 5 1H and an integral outer flange 52H. The inner and outer flanges 
51H and 52H are each bent in the same longitudinal direction 63H, and are installed so 

30 as to face in the direction of the inner housing 21H. The outer housing 22H has bullet- 

nose-shaped end cones 34H and 44H, and the outer flange 52H of the supports 25H and 
25H' are shaped to mateably engage the inner surface of the end cones 34H and 44H. 
The bullet-nose-shaped end facilitates manufacture of the outer housing 22H by allowing 
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the outer housing 22H to be made from a deep draw process. A radiation shield 72H is 
provided in the cavity 26H. The radiation shield 72H extends completely around the 
inner housing 21H. Specifically, the radiation shield 72H includes a center section 73H 
that is positioned adjacent an inner surface of the sidewal! 31H of the outer housing 
5 22H, and includes conically shaped end sections 74H that extend along the inner end 

cones 33H and 43H. The radiation shield 72H has ends that terminate adjacent the disks 
or end shields 56H and 57H. The catalytic converter 201 (Figs. 17 and 18) has a 
radiation shield 721 that is similar to radiation shield 72H, but radiation shield 721 has a 
center section 731 that is positioned adjacent the outer surface of the intermediate 
10 housing 601 and that is spaced from outer wall 311. Also, the number of folds in the 

bellows 3LSr and 481 are increased to provide increased tolerance of longitudinal thermal 
expansion. 

The support 25J (Figs. 19-20) of the catalytic converter 20J (Fig. 20) is a single 
stamping, and has four spokes or bodies 50J connecting an inner flange 511 to an outer 
53 15 flange 52J. The spokes 50J are relatively wide for increased stability. The bellows 38J 

include unique non-uniform folds, with the innermost ones 38T of the folds 
characteristically not contacting the inlet tube section 36 J, but permitting the inlet tube 
section 36J to extend inwardly within the bellows 38J a significant dimension. The 
support 25K (Fig. 21) is similar to support 25J, but includes a ridge or stiffening bead 
20 75K formed longitudinally along each spoke 50K, and further includes gussets 76K 

formed at each end of each spoke 50K (Fig. 22). The ridge 75K can be sharply formed 
to for a V-shape (Fig. 23) or can be generally radiused to form a U-shape (Fig. 24). It 
is contemplated that the ridge 75K will be U-shaped, and the gusset 76K V-shaped. 
Support 25L (Fig. 25) includes spokes SOL having edge webs 77L for reinforcement 
25 (Fig. 26). Support 25M (Fig. 27) includes spokes 50M that are non-linear in a radial 

direction. Instead the spokes 50M have a "snake-like" curvilinear longitudinal shape, 
which adds to their length and accordingly reduces their conductance of heat. Support 
25N (Figs. 28-31), support 25P (Figs. 32-34) and support 25Q (Figs. 35-36) disclose 
additional modifications that can be made to re-distribute stress and provide different 
30 beat conductance properties. 
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A catalytic converter 20EE (Fig. 66) includes a support 25EE at one end of the 
inner bousing 21 EE, with the other end being supported by the outlet tube 43EE. The 
outlet tube 43EE is made stiff, such that most, if not all, thermal expansion occurs at the 
inlet end of the inner housing 21EE. The support 25EE includes an inner flange 51 EE 
that slidingly engages tube section 37EE of the inner inlet end cone 33EE and/or 
includes a flexible body SOEE that flexes as the inner housing 21EE thermally expands. 
A sufficient number of folds in the bellows 38EE are provided to accommodate the 
thermal expansion of the inner housing 21EE. 

WIRE MESH RING WITH SEGMENTS CERA MIC FEET 
The catalytic converter 20FF (Fig. 67) is similar to the catalytic converter 20EE 
in mat it includes a bellows 38FF only at one end and no supports 25FF at either end. 
However, catalytic converter 20FF includes additional intermediate supports 85FF 
located at each end of the inner housing 21FF, with the supports 8SFF slidingly 
engaging the side wall 30 of the inner housing 21FF and the sidewall 31 of the outer 
housing 22FF. The intermediate supports 85FF include ceramic blocks carried by a 
wire mesh ring that abut die inner housing sidewall 30FF. A stop 86FF integrated in the 
outer housing sidewall 3 IFF captures the ceramic blocks on one side. An opposing stop 
integrated into 60FF captures the wire mesh ring on the other side. The intermediate 
housing 60FF is located between the stops 86FF. A radiation shield 72FF extends 
between the brackets or stops 86FF and along the interior surface of the outer housing 
22FF. The wire mesh rings (Fig. 68) interrupt the radiation shield 72FF. 

A support 85GG (Figs. 69-70) includes a wire mesh ring 87GG with segmented 
ceramic feet 88GG (four to eight) provided on the inside diameter of the support 85GG. 
The feet 88GG are attached to the ring 87GG by crimping the wire mesh over recesses 
in the ceramic feet 88GG. Support rings 87GG are located inboard of the ends of the 
inner housing (21), at the outer ends of the sidewalls (30). This catalytic converter core 
support method accommodates relative thermal expansion between the core and jacket, 
reacts dynamic loads (hot vibration), and resists the escape of heat stored in the core. 
MODIFIED CATALYTIC CONV ERTER STRI TCTT 7R F. 
A modified catalytic converter 20HH (Fig. 71) includes a support 25HH at its 
inlet end having an inner ring flange or hub 51HH, an outer ring flange or rim 52HH, 
and spokes 50HH connecting the hub 51HH to the rim 52HH, The outer ring flange 
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converter 20HH (including the bellows 38HH and 48HH). It is noted that die end 
sections 96HH and 97HH overlap onto longitudinal edges of the center section 95HH to 
provide maximum radiation-resisting values, yet to allow the spokes 50HH at each end 
to extend between the inner and outer housings 21HH and 22HH. The inlet end section 
of the catalytic converter 20HH is similar to the outlet end section, and its description 
need not be repeated in order for a person of ordinary skill to understand the present 
construction, or for such a person to understand the inventive aspects thereof. 

The catalytic converter 20U (Figs. 72 and 73) includes an outlet end section 
similar to that of catalytic converter 20HH, but the catalytic converter 2011 includes a 
vacuum maintenance device 3211 that includes getter material for maintaining a high 
vacuum in the cavity 2611. Alternatively, or at the same time, the vacuum maintenance 
device 3211 may include hydride material for passively increasing the amount of 
hydrogen gas within the cavity 26R when the inner housing 21D heats up. By increasing 
hydrogen gas at high temperature, the insulative value of the vacuum cavity 2611 is 
reduced, thus helping throw off heat and helping to prevent overheating of the catalytic 
converter 2011. By reducing hydrogen gas at low temperature, the insulative value of the 
vacuum cavity 2611 is increased, thus assisting in faster heat up of the catalyst in the 
catalytic converter 2011 during initial engine starts. Notably, the device 3211 is 
positioned relatively close to the inlet or outlet tube 9211 such that it quickly receives 
heat from hot gases passing through the catalytic converter 2011. These hot gases are 
indicative of the temperature of the catalyst material in the catalytic converter 2011. As a 
result, the device 3211 is able to quickly respond to actual temperature conditions of the 
catalytic converter material, which can be important to good operation. 

In order to quickly and economically achieve a high vacuum in the cavity 2611, it 
is necessary to bake the catalytic converter 2011 at high temperature so that gases and 
volatile agents are driven off. However, hydride materials, which release hydrogen at 
high temperatures, are undesirably activated to release their hydrogen at the same high 
temperatures necessary for a good bake-out. Further, after the bake-out, the cavity 2611 
must be sealed to maintain the vacuum. A problem occurs in that it is difficult to bake- 
out a cavity 2611 and then seal the cavity 2611 to maintain the high vacuum, without also 
prematurely activating the getter or hydride materials. The end construction shown in 
Fig. 72 solves this problem. 
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cavity 2611 is sealed. Thus, when the getter material cools and become active, it merely 
begins doing its intended job, which is to absorb gas to maintain the high vacuum. It is 
noted that this additional heat may also activate the hydride material, but this is not a 
problem since, as noted above, the bake-out has already occurred and the cavity 2611 is 
sealed. Thus the hydride material merely begins doing its intended job. which is to 
release hydrogen into the cavity 26TI when the hydride is at an elevated temperature. 

PA PTTPT n .ATE TRAP FOT* DTRSRT . RMTSSIONS 
A particulate trap 160JJ(Fig. 74) is often used to trap soot and carbon particulates in the 
exhaust from diesel engines, and to burn off these particles in a safe and non-polluting 
manner. The present technology can also be used in particulate traps, as described 
below. The detail of particulate traps and their operation is not needed for an 
understanding of the present invention. It is sufficient to know that particulate traps 
require considerable heat and have a relatively high operating temperature for optimal 
operation. During cold starts* when the particulate trap is cold, it is inefficient and does 
not operate effectively. Accordingly, all of the discussion above in regard to providing 
thermal control and management of the vacuum cavity applies, including the discussion 
relative to PCM materials, vacuum atmospheric/hydrogen control and insulative control, 
and reflective shields. 

Particulate trap 160 J J is similar to the converter structure 20 in that the 
particulate trap 160JJ includes inner and outer housings 21JJ and 22jJ spaced apart to 
define a vacuum cavity 26JJ. The inner and outer housings 21JJ and 22JJ include inlet 
and outlet ends where exhaust is received and emitted, respectively. An intermediate 
housing 60JJ holds PCM material adjacent the inner housing 21 JJ. Getter material is 
provided to maintain the vacuum in the cavity 26JJ for a long service life. Hydride 
materials are provided to emit hydrogen once an operating temperature is achieved, so 
that the particulate trap does not overheat. Radiation shields 72JJ are wrapped loosely 
around the intermediate housing 60JJ for reflecting heat energy to prevent undesired heat 
loss. It is to be understood that the cavity 26JJ can be actively or passively thermally 
managed. The thermally-activated particulate trap device 161 JJ is located inside inner 
housing 21JJ, and potentially includes a regeneration method of fuel- fired thermal assist 
or fuel additive chemical assist to promote complete burning of the carbon particles and 
soot found in diesel exhaust. 
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The claimed invention is: 

1. An exhaust treatment device for a vehicle, comprising: 

an inner housing having an inlet and an outlet defining a longitudinal direction and 
having a thermally-activated exhaust treatment device therein chosen to reduce emissions 
from the exhaust of a combustion engine as the exhaust passes from the inlet to the outlet; 

an outer housing enclosing the inner bousing but characteristically not contacting the 
inner housing, the outer housing including an inlet and an oudet that align with the inlet and 
outlet of the inner housing, the inner and outer housing including walls forming a sealed 
cavity around the inner housing, the cavity having a vacuum drawn therein; and 

a support including a plurality of spokes that extend radially between the inner and 
outer housings. 

2. The device defined in claim 1, wherein the spokes having a cross section chosen to 
provide strength to hold the inner housing in the outer housing without permitting contact 
between the inner and outer housing, but further being sized to minimize conductive heat 
loss through the spokes from the inner housing to die outer housing. 

3. The device defined in claim 2 t wherein the spokes being made from a high nickel 
stainless steel sheet that is greater than 30% nickel. 

4. The device defined in claim 3, wherein the spokes are made from sheet material. 

5. . The device defined in claim 3, wherein the spokes include inner and outer ends, one 
of the inner and outer ends including wire mesh supporting the one end on the associated 
one of the inner and outer housing. 

6. An exhaust treatment device for a vehicle, comprising: 

an inner housing having an inlet and an oudet defining a longitudinal direction and 
having a thermally-activated exhaust treatment device therein chosen to reduce emissions 
from the exhaust of a combustion engine as the exhaust passes from the inlet to the outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including an inlet and an outlet that align with the inlet and 
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outlet of the inner housing, the inner and outer housing including walls forming a sealed 
cavity around the inner housing, the cavity having a vacuum drawn therein; and 

a support including a plurality of spokes that extend radially between the inner and 
outer housings, the spokes having a cross section chosen to provide strength to hold the 
inner housing in the outer housing without permitting contact between the inner and outer 
housing, but further being sized to minimize conductive heat loss through the spokes from 
the inner housing to the outer housing, the spokes being made from a high nickel stainless 
steel that is greater than 30% nickel and including inner and outer ends, one of the inner 
and outer ends including ceramic pads supporting the one end on the associated one of the 
inner and outer housing. 

7. The device defined in claim 1, wherein the spokes are made from an alloy steel 
material including nickel. 

8. The device defined in claim 1, wherein the spokes have a cross section that is less 
than about 1.5 mm in its narrowest dimension. 

9. The device defined in claim 1 , wherein the spokes include inner and outer ends, one 
of the inner and outer ends including wire mesh supporting the one end on the associated 
one of the inner and outer housing. 

10. An exhaust treatment device for a vehicle, comprising: 

an inner housing having an inlet and an outlet defining a longitudinal direction and 
having a thermally-activated exhaust treatment device therein chosen to reduce emissions 
from the exhaust of a combustion engine as the exhaust passes from the inlet to the outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including an inlet and an outlet that align with the inlet and 
outlet of the inner housing, the inner and outer housing including walls forming a sealed 
cavity around the inner housing, the cavity having a vacuum drawn therein; and 

a support including a plurality of spokes that extend radially between the inner and 
outer housings, the spokes including inner and outer ends, one of the inner and outer ends 
including ceramic pads supporting the one end on the associated one of the inner and outer 
housing. 
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1 1 . The device defined in claim 1 , wherein the support slidably engages one of the inner 
and outer housings. 

12. The device defined in claim 1, wherein the spokes are flexible in a direction 
perpendicular to their length, such that the spokes flex to accommodate a relative increase 
in a length of the inner housing over the outer housing when the inner housing thermally 
expands significantly more than the outer housing. 

13. The device defined in claim 1, wherein Che spokes are elongated and have a length 
to width ratio of at least about 3 to 1. 

14. The device defined in claim l v wherein the spokes have a tubular cross section. 

15. An exhaust treatment device for a vehicle, comprising: 

an inner housing having an inlet and an outlet defining a longitudinal direction and 
having a thermally-activated exhaust treatment device therein chosen to reduce emissions 
from the exhaust of a combustion engine as the exhaust passes from the inlet to the outlet; 

an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including an inlet and an outlet that align with die inlet and 
outlet of the inner housing, the inner and outer housing including walls forming a sealed 
cavity around the inner housing, the cavity having a vacuum drawn therein; and 

a support including a plurality of spokes that extend radially between the inner and 
outer housings, wherein the support comprising a one-piece component having an inner ring 
flange and an outer ring flange with the plurality of spokes extending therebetween. 

16. The device defined in claim 1, wherein the exhaust treatment device includes a 
catalytic material. 

17. An exhaust treatment device for vehicles comprising: 

an inner housing having an inlet and an outlet defining a longitudinal direction and 
having a thermally -activated exhaust treatment device therein chosen to reduce emissions 
from the exhaust of a combustion engine as the exhaust passes from the inlet to the outlet; 
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an outer housing enclosing the inner housing but characteristically not contacting the 
inner housing, the outer housing including an inlet and an outlet that align with the inlet and 
outlet of the inner housing, the inner and outer housing including walls forming a sealed 
cavity around the inner housing, the cavity having a vacuum drawn therein; and 

. a support that support the inner housing in the outer housing, the support including a 
radially-extending body and including a foot that engages at least one of the inner and outer 
housing, the foot including an insulative material different from the body, the insulative 
material being chosen to minimize conductance of heat. 

18. The device defined in claim 17, wherein the feet include insulative material selected 
from one of wire mesh and ceramic. 

19. The device defined in claim 18, wherein the feet include wire mesh. 

20. The device defined in claim 18, wherein the feet include ceramic pads. 

21. The device defined in claim 17, wherein the feet comprise a composite. 

22. The device defined in claim 17, wherein the feet slidably engage the one housing. 

23. The device defined in claim 17, wherein the exhaust treatment device includes a 
catalytic material. 

24. Canceled. 
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